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ABSTRACT

Storage of fluid rmllc for extended times ‘at ‘low témpera-
ture appears feasible. The extended shelf life is long enough
to allow & 100-fold decay of - Iodme-131 under - eniergency
conditions. ' This. theoretical deeay period  may be 4-to 8

weeks ‘depending ‘on. "degree -of contamination and. extent of

depositions - on - pasturage.

‘Commercially produced summer milk “stared “at 32T,
averaged 4.4 weeks ' or. 5 times its Nlifeat 45 F:
milks possessed twice the:sh&if life of wmter mllks

Shelf life was matenally affected by pasteunzatwn temperas

ture; Storage temperature; and season: as determmed by taste -
Marked ‘inereases’ in . shelf_

panel and ‘bacteriological “tests,
_hfe were observed with reduéed:. storage temperatures, - Cri-
teria for product . acceptablhty ‘were “flavor score’ {35.0 or
higher), total plate count, and ‘psychrophilic plate count (less
than .1 million’ per mi),

UHT processing ‘at 200 to: 220° F for.0.5 to. 16 sec _vielded

as much as. 20 weeks dcceptable shelf Jife at 32 F..:A:com-.

bination -of UHT: pasteunzatlon ‘32.F storage to the end of
microbial lag phase, sand . repasteunzahon fol]owed by re-
frigerated holdmg extended storage life: to as "much as- 23
weeks .depending on ‘storage: temperature,

‘The contamination. of pasturesand feedstuffs by

radioactive fa]lout with consequent contamination of.

milk is a-serious problem that has received much; at-
tention by ‘the Atomic Energy Commission, U. 8.
Public Health Service, U. S. Department of Agncul-

ture and the general public. Iodine-131, .one of the

important radionuclides that miay occur in significant
amounts in milk, is known to concentrate in the thy-
roid gland, thus posing &"seriousthreat to ‘human
health: Currently, radicactive fallout does ‘not con-

stitute ‘a serious threat to human health however, n’

the. event of an aomdent or emergency, sufﬁcwnt in-

formation . and means. should bé-.available for: safe—

guarding our milk supply.

1The study was carned out” under contract: with the Agricl-
tural Reséarch Serv1ce, U. 8. Department of: Agnculture, ‘ad-
m1mstered by the Eastern: ‘Utilization. Reseaxch and Develop—
ment Division, Washmgton, D C 20950

Su.mmer .

‘evaluated. - . Sherman- et ‘al.:

To reduce exposure to Iodine-131, the. Federal Bad—; '
iation: Courrcﬂ (6) has recommended removal of dairy.
cattle from contaminated pastures and' the. diversion:

.of conta.mmated milk to processed dairy. Products-

that permit storage.

~ The relatively- short decay ‘period  (half:life = 8
days) for radioactive lodine-131 suggests .the: possr—
bility of process and storage modifications for market.
milk which would extend  storage life. sufficiently
long to: render it safe for use. The safe. storage time
would depend:-on the severity of the'situation, ie.,
the degree of contamination and the extent of depos-
itions .o pasturage. - Theoretlcally the radioactive
Todine content would be reduced to 1/16 its or1gmal

activity after 32 days storage. - ‘Rassell (14) has re-

ported that two months of storage would result in a
réduction factor greater. than 100." It.can then be de-.
duced that storage of -milk for 4 to 5 weeks after a
single Iodine-131 emmission probably would - result
in-‘milk with a safe Iodine-131 level.

The storage stability from present pasteurizing and
storage procedures strongly indicates that fluid milk
might be ;processed ‘and stored -to ‘maintain flavor
stability for several weeks; ‘however, practical infor-

‘mation is Jacking concerning the necessary conditions.
,Storage temperature is known to matenal}y affect the-
keeping quality of milk. ‘Over. the' years numerous

reports have appeared in the literature on the keep-
ing quahty of milk -and’the effects of pasteurization
on_the bagcterial flora. ‘Considerable investigative ef-
fort has. dealt with retail distribution and household
storage and their effects on keeping: quahty 2,47,

8,.9, 11, 13).. Many of the early studies on keeping
~quality dealt with milk which was pasteurized at min-

imum - femperatures, non-homogenized, and ‘subse-
quently stored at 40. F. More recently the trend has’
been ‘toward higher pasteunzmg temperatures and
somewhat lower.storage - temperature, - The effects
of: storage- below 40 F have been less concluswely_
(15) reported keeping



quality of 8 and sometimes 12 weeks for milks stored
“at 0 C. .Boyd and coworkers (3) observed good flav-
or retention up to 42 days in milk stored at 33 F.
‘Ashton (2) used strict hygienic precautions in pas-

- teurized milk production and during storage ‘at 36 to-

38 F. Max1mum keeping quality ranged from 9 to
170 days..

. Undoubtedly, the advent of ultra high temperature

pasteunzatmn (UHT) has increased the capability’

for prolonging the keeping quality of milk. Evans
et'al. (5) reported that milk processed at 220 F for
0.6 sec hold retained bacteriological quality for 4
weeks at 40 F. Milk pasteurized at 250 to 260 F
stored satisfactorily for 8 weeks at 40 F. Speck (16)
‘advised that one company, using 220 F for 1 to 2
sec "hold, experienced faster spoilage than when
195 F had been used. Olson (12) has stated bac-
terial types were more important than numbers in de-
terming shelf life.

-The present study was undertaken to determine
whether flavor and bacterial acceptability of com-
mercial milks or ‘specially processed milk could be
maintained long enough for Iodine-131 to decay to
a safe level. . It was anticipated that the study would
provide the dairy industry with a standby procedure
that could be used in the event of radioactive con-
~ tamination of pasturage. In addition, it should pro-
vide vital information relating to the storage stability
of present-day commerc1a1 fluid milk.

EXPERIMENTAL PROCEDURE

Commercial milks o -

~ Commercial. HTST pasteunzed milk samples were secured
from 6 botthng plants ‘in. six different states in“the south-
southeast during the summer of 1988 and again in January
of 1867, HTST pasteurlzmg equipment * included -plate-vac-
uure and plate, steam injection, . and vacuum units.  Pint
samples “were taken d1rectly fiom the paper bottle filler -in
each plant and immediately immersed in ice and salt until
cooled to 3% F. The time required for cooling ranged from
50 to 90 min. When milk temperature, as determined by
a thermistor. probe mserted in a typical package reached
3% F, samples were surrounded by crushed ice in styrofoam
packers for air transport to Greenville, llinois for storage and
analysis.” . :

In-tiansmit time. did not. exceed iz hr and temperature
rise in milk samples did not exceed 0.5F. Individual plant
milk lots were divided on arrival into 4 sub lots of 27 pack-
ages each for storage at 32, 33, 40, and 45 F. and storage
temperatures were conirolled to = 1 F.

. Standard plate-counts (SPC) were made at each plant on
the raw and pasteurized milk. - Standard’ plate and psychro-
. philic counts " ( PPC) . and flavor evaluahons were made 24
hr after plck—up to estabhsh “zéro” time data.for the storage
samples At weekly or more freguent intervals, duplicate
samples from ‘each plant ‘and storage condition were examined
for total and psyehirophilic counts and flavor score. All bac-
tericlogical work was performed according to Standard Meth-
ods for the Exammatzon of Dairy Products 11th Edmon {1).

Standard Plates. were incubated 48 hr at 32 C while psychro-

philic pIates were held for 7 to 10-days.at 5 to 7 C before
. counting. L

Flavor scoring followed the ADSA score card described
by Nelson. and Trout {10), as to numerical rating and criti-
cism. No less than three trained flavor panelists judged each
group of samples Milk guality was considered unacceptable

- and analyses were discontinued when two successive stored

samples showed either a bacterial count of 1 million/ml or a
flavor score of less than 35.

UHT milk

UHT pasteurized milks for storage tests were processed in
pilot-plant facilities at the Research and Development Divi-
sion of Pet Incorporated Greénville, Illinois, Processing
equipment consisted of a modified De Laval Vacu-Therm®
HTST pasteurizing system. The modification comprised in-
stallation of a—spiral coil, high-velocity heater -with inter-
changeable 0.5 and 16 sec holder tubes and an aCCessory-
high pressure pump. These units followed the heater section
of the plate unit and discharged d1rect1y inte the - second
vacuum chamber, :

The system' was sanitized by circulating hot water: unt:l
all product contact surfaces were heated to 160 to ‘170 F.
Thereafter 50 ppm of jodine sanitizer was added to the water
and circulated 10 to 15 min, Sanitizer residue was exhanst-
ed while the system was being ad]usted fo ’rhe most rigorous
time-ternperature conditions,

Processing times and temperatures were employed in the
following order: 220 F—I6 sec; 260 F—16 sec, 220 F 0.5
sec,- 210 F—0.5 sec.

One lot of Grade A milk was used for all conditions, San-
itizer residue was flushed w1th the . first milk through the
system and discarded.

Samples were collected in sterile 0.5—pint glass bottles
from the process line partially protected from air ‘contamina-
tion by a plastic enclosure. Process conditions were reduced
to progressively less rigorous-times and temperatures until
samples had been collected for each of the four conditions.
These lots-were examined immediately for total and psychro-
philic counts -and flavor, They were. divided into 4 sub- lots
for storage at 32, 35, 40; and 45 F. ‘Subsequent” examina-
tions of stored samples followed the plan pieviously out- -
lined for the commercial samiples. A total of two complete
trials each comprising all four process conditions were made
usmg summer” mllk and then wmter rmlk

Reprocessed milk

"The effects of repasteurizing bulk stored milks on storage
stability were determmed in pilot plant facilities.” Frequent
plate counts indicated that the bacterial lag phase ended
after 24 days at 32 F.- F ollowing' the 24 day bulk storage
period, milks originally. processed at 220 F—16 sec, and 200 F
—~16 sec, were divided and each lot reprocessed. at 220 F—
16 sec and 175 F—16 sec. Samples of each reprocessed milk
were colIected in sterile. 0.5—pint glass bottles for storage
at 45, 40, 35 and 32 F, Analyses for total count, psychro-
philic count and flavor score were made initially and ‘at

‘weekly intervals until samples were exhausted or exceeded

criteria limits.

*Mention of .brand or firm names does. not constitute an
endorsement. by the Department of Agriculture over others

of a similay nature not mentioned.



TasLe 1. RELATIONSHIP |.OF _SEASON, PASTEURIZING .CONDITIONS AND = STORAGE . TEMPERATURE “TO STORAGE' STABILITY . OF

COMMERCIAL MILE

‘Btorage Life (weeks!)

15 F .

Pastourization - 2F B/F. 46 F E .
; Plant Temp. _ Time :‘S‘uu‘lmer Winter Summer Winter Summer, Winter . Summer Winter
A ‘169 F. 18 sec: 4 2 _ 2 _ <1
- 172 F 16 sec 4 1-3 23 <1
B 170 F - 16sec 4 3" 2 <1
: 169.5 F 16 sec 3 2-3 24 ' <1
C 169 F 16 sec 4 3 2 <1 ‘
170 ¥ 16 sec - 3-5 3 13 1-2
D 170F  16sec <1 3. 3 <12
1705 F 16 sec _ N 1 1 ' <1
E 1TLF 16sec 7 4 2 1
172 F 16 sec 3 1 1 ' <1
F 172 F 16 sec 7 _ 6 13 1
170 F 16 sec. : 1-3 : 13 1-2. <1-2
el 165 F 17 sec 4 35 34 1-2
(Mean) (442)  (283)  (35)  (L92)  (217) {1.83)  (0.79). (079)
Std, Dev. 230 127 1.31 100 053 1.03 0.45 0.58

! Acceptability determmed by flavor score 350 or hlgher and SPC and PPC less ‘than 1,000,000/ml,

2Single number. shows duplicate samples had same stability, wheteas range shows difference in stability of duphcates Value

of 0.5 week asmgned to <1 to permit statlstlcal analysis.

$G—Plant sampled in. wmter only, thus not mcluded in statlstlcal analysis.

Tasre 2. COMPARISON OF STORAGE STABILITY CRITERIA IN EVALUATING EFFECTS OF STORAGE TEMPERATURE AND SEASON ON
STABILITY OF COMMERCIAL MILK

Stability

) . Weeks Winter Weeks Weeks Summer Weeks
Storage Temp. Critertal - Range Mean : - Range S Mean
2 F. PPC, 13 2.07 29 409
o SPC 14 2.38 29 464
Flavor 35 3.36 <17 442
35 F: Cc 13 1.36 25 317
' SPC 15 2.00 2.5 '3.25
Flavor 1-4 257 26" 3.50 .
40T PPC 1-4 157 13 183
SPC. 14 171 13 1.83
Flavor 1-4- 2.21 2-3 2.08
4 F PPC <12 075 <11 075
SPC <12 0.86 <11 0.67
Flavbr <1-2 1.00 <1-1 0.92

1Acceptabl].lty determmed by flavor score 35.0 or h1gher and SPC and PPC less than 1 OOOOOO/mI

. *alue 0.5 week was ar_b1tranly ass1gr_led to <l to fac1_htate calculatlons,



TaBLE" 3. RELATIONSHIP OF INITIAL COUNTS, PASTEURIZING CONDITIONS AND STORAGE TEMPERATURES TO STORAGE LIFE. OF
UHT PASTEURIZED MILK

Pasteurization

Milk Raw ’ Bacteria Storage Life-Weeksl
Lot SPC/ml, PPC/ﬁﬂl. Condition . SPC/ml, PPC/mi. 32F 3BF 40 ¥ 45 F
A 150,000 3,200 220 F-16 sec <30 (22} <30 - 13+ 13+ 9+ 3
200 F-16 sec 120 <30 . 7 4 3 1
220 F-0.5 sec 110 <30 ¢ 6 4 1
210 F-0.5 sec 130 <30 9 4 3 1
E 87,000 4,700 220 F-16 sec 80 <30 134+ 134 11+ 4+
i 200 F-16. sec 100 <30 8 5 5 1
290 F-0.5 sec 130 <30 124+ 4 4 1
210 ¥-0.5 sec 120 <30 6 6 4 1
1 14,600 7,600 220 F-16 sec 120 <30 15 14 7 3
200 F-16 sec 130 <30 10 7 4 2
220 F-0.5 sec 120 <30 13 7 4 2
210 F-0.5 sec 140 <30 11 3 3 2
{
M 35,000 1,600 220 F-16 sec <30 {(9) <30 202 202 202 182
: 200 F-16 sec 32 - <30 12 7 6 4
920 F-0.5 sec 39 <30 12 10 6 -5
210 F-0.5 sec 31 <30 10 7 5 4

’Acceptabzhty determined by flavor scere 350 or higher and SPC and PPC less than 1,000 000/ ml,

2Storage samples exhausted.

TaBLE 4, EVALUATION OF BULK STORAGE AND RE-FPROCESSING OF PASTEURIZEDlM.'ILK

| JStorage, Time Bolore R pas, Repat. Atter Rolbant. g Stebt
Initial Process Days @ 32 F SPC PPC ‘Conditions SPC PPC .
11-1 220 F-16 sec 24 10,600 17,000 220 F-16 sec 39 <30 45 144
: 40 19+
35 234
32 23+
11-2 220 F-16 sec 24 10,000 17,000 175 F-16 sec 99 <30 45 10
40 . 16+
35 a1+
32 224
73-1 200.F-16 ‘sec 24 360,000 970,000 220 F-16 sec 77T <30 45 154+
40 174
35 234
32 234
1J--2 200 F-16 sec 24 360,000 970,000 175 F-16 sec 120 <30 45 5
’ e 40 10
35 10
32 18

tAcceptability determined by flavor score 35.0 or higher and SPC and PPC less than 1,000,000/ml.



Resvrts: anp. Discussion:

The ‘influence of storage temperature on' the keep-
g quality of commiercial pasteurized milk is llustrat-

ed in-Table 1." At 32 F, 81% of the. samples were:

]udged acceptable for 3 weeks' ‘or” longer Wh]le 57%

kept for 4 or more Weelcs LOnly 15% of the saiples
stored at 45 F were- sansfactory for. more than. -one’

week..
‘Summer milk exhibited: srgmfrcantly longer- storage
stab1l1ty than winter. rmlk in ‘most instarices.' These

seasonal’ d1fferences were. more pronounced at 32

and 35 F than at 40 and 45 F as evideniced both- by
1nd1v1dual and. by mean storag - values:

- Analysis - of - variance: “revealed lnghly srgmfrcant
variations at the 99%. con_fldence level for season and
storagé temperature, “when’ usmg average values for
stabrllty of duplrcate samples :

' Variations in. pasteunzmg temperatures from 169
to 172 F did not affect shelf life appremably

“A-further 1llustrat10n of the- effect of ‘season: and
storage temperature on . storage stabrlrty is shown in
Table 2: The storagé: data for’ all commiercial ‘milk

samples are grouped as to’ storage. temperature and _

season. The stibility evaluation criteria, flavor, SPC,
and PPC are compared. in each group . and generally
show good agreement

"PPC was the most stringent criterion of storage life,
while SPC reflected somewhat longer keeping qual
ity. ‘Flavor remainied acceptable longest.

During' the course of: storage “some packages ‘be-
carne - soft and were: suspected of moisture- W1ck1ng
To el1m1nate this factor as a varrable special ‘mois-
ture_resistant, foil and polyethylene laminated. pack-
ages were .used ‘to obtain, additional samples from
each plarit during the winter phase of collection.  No

significant difference was. noted between- the two'

'-types of cartons with respect to storage stability. -

~ The effects of storage temperature on- stability of
fluid milk was much more dramatic with UHT pro-
(cessing.
" The relationships of dpitial bacterial populations,
pasteurizing conditions; ‘and storage temperatures to
storage stability of UHT. processed milk are'shown in

Table 3. Neither raw nor pasteurrzed SPG and PPC:

data were indicative of the ultimate storage. ‘stability.
Increasing the intensity of the pasteurizing conditions
‘materially’ increased storage stability, . The. maximum
-exposure. of 220 —16 sec hold: resulted in substa.ntral-
ly longer storage life than obtainable from other pro-
cessing conditions:

A comparison .in Fig. 1 of mean storage life of
'UHT milk reveals the. s1gn1_f1cance of process: cond1—
tions- and’ storage temperature The. Beneficial ef-
fect of reducing storage. temperature to prolong stor-
age, stability is. shown by the curves for. the lower

- process cond1t10ns

ly. with the storage temperature.

o PASTEURIZATION
e
45 : — - .
| '§\ —-2.220°F - 0.5 SEC.
N -h 210°F =.053EC.
ou- \\\ NG
w40} \\ i
g N\
o \\ .
g1 \ -\A\\_

‘ask AL N "
u ‘. .
= i NN \\

32r. e T —

J: 1 i 1 I t ]

0 2 4 6 8 10 i2 14 15
STORAGE  TIME, WEEKS
Figure 1. Storage life of UHT milk’ as influenced by pas-

‘ teurizing temperature and time- and storage. temperature.

.A.

MEAN FLAVOR SCORE

STORAGE: TEMPERATURE-
6 HTST - 350F |
————0 HTST - 32°F"
T AURT-350F
o . . | TTTAUHTA32F

0 2.7 4 6 8 'l-o_ iz
STORAGE- TIME, WEEKS

I‘xgure 2,. Companson of HTST and UHT pasteurization as
they affect ﬂavor score and storage tune

The curve for 220 F—16 sec is
not a true representatron of storage life because sam-
ples were exhausted before shelf lifé could be de--
termined. ~Storage stability. appeared to vary inverse-
The  increase in
storage stability is non-linear «in that it was- greater
between 35 and 32 F than between 45 and 35 F

" The main flavor effects recorded for UHT samples'
were “cooked” during ‘the early weeks.and “stale” in
the later weeks.

A’ comparison of mean flavor scores for commier-
cial and UHT pasteunzed milk is shown in Fig.
2. Initially, HTST pasteurized milks resulted in
higher flavor score than UHT. . Dependitig on: storage
temperature, the commercial milk flavor scores drop-
‘ped rather rapidly, fallmg below 35.0 in 1 to 4 weeks.
By contrast UHT flavor score was. shghtly lower. in-
1t1a11y increased to a maximum' of 37.5 in. 4 Weeks



and remamed at the 36 to 37.5 range durmg 12 weeks
of 32 F storage and 7 weeks at 35 F.

- Storage of conventional packaged milk to allow for
Iodine-131 decay poses problems of package leak-
_age, refrigeration failures, and vast refrigerated space

requirements. A partial solution would be UHT -

-pasteurization followed by bulk storage in large re-
frigerated tanks. With this process, milk would be
held after pasteurization until initiation of the bac-
terial logarithmic growth phase was detected, after
which it would be repasteurized, packaged, and stor-
ed under refrigeration.

' Representative data for reprocessed bulk stored
milks are.shown in Table 4. Storage stability was
longer for those milk lots receiving the most intense
heat treatment.

Except for the lowest pasteurizing conditions, stor-
age stability exceeded the number of stored samples
in every instance, totaling as high as 23 weeks for
several - conditions.

. Flavor evaluations did not indicate that repasteuri-
zation intensified cooked flavor. Staleness was the
major flavor defect after 12 to'15 weeks storage.
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